Objectives-Myofascial pain syndrome is one of the most common causes of chronic pain and is highlighted by the presence of myofascial trigger points. The current practice of diagnosing myofascial pain syndrome among clinicians involves manual detection of myofascial trigger points, which can be inconsistent. However, the detection process can be strengthened with the assistance of ultrasound (US). Therefore, this study aimed to characterize the upper trapezius by using quantitative techniques in healthy asymptomatic individuals with neck pain.
C
hronic pain affects approximately 100 million adults in the United States and is associated with an annual cost of $560 to $635 billion. 1 Due to the considerable economic burden, there is an imperative need to identify objective correlates of this type of pain, determine underlying mechanisms relevant to its development and resolution, and develop effective, evidence-based treatment strategies. Myofascial pain syndrome is the most common cause of chronic pain. 2, 3 It is seen in approximately 30% of primary care clinic patients 4 and in 85% to 93% of patients in specialty pain centers. 3, 5 More than 50% of people who have myofascial pain syndrome continue to have pain 1 year after diagnosis. 6, 7 Myofascial pain syndrome is a condition of regional musculoskeletal pain highlighted by the presence of palpable hyperirritable nodules, known as myofascial trigger points 8, 9 within taut bands of skeletal muscle. It is widely accepted among most clinicians that the diagnosis of myofascial pain syndrome is contingent on the presence of myofascial trigger points that are palpable within a taut band of affected muscle. Research has shown, however, that manual detection of myofascial trigger points and the taut band is unreliable among untrained physicians. 10 Our own group's systematic review supported this finding by showing poor inter-rater reliability for myofascial trigger point detection (j 5 0.34). 11 More importantly, research has shown that only increasing clinician training marginally improves the inter-rater reliability of manual detection myofascial trigger points. 10, 12, 13 Therefore the addition of another modality such as ultrasound (US) may assist in improving the detection and quantification of the trigger points. It can also provide additional information about inflammatory and vascular attributes of the trigger points. [14] [15] [16] [17] [18] Until recently, US has not been used routinely for the detection or diagnosis of myofascial trigger points. Several studies pioneered the use of US imaging to characterize myofascial trigger points and distinguish between active and latent trigger points. 14, 15, 19, 20 These studies reported the shape, hemodynamic properties, and viscoelastic properties of the trigger points. Some studies showed the trigger points as hypoechoic, [16] [17] [18] and other studies reported hyperechoic findings. 15, 20 These studies were descriptive and had major methodological limitations due to small sample sizes, lack of randomization, or lack of blinding. Furthermore, there was no attempt made to characterize normal muscle tissue or use any advanced quantitative techniques to analyze the echo intensity. Moreover, in these studies, the regions of interest (ROIs) were chosen on the basis of the location dictated by the clinical evaluation, and the region of the palpable abnormality attributable to the trigger point was scanned and later analyzed visually. In addition, the method for detecting trigger points was not standardized across the studies reviewed.
In the aforementioned studies, the clinical presence of the palpable trigger point was where the US scan was conducted. The definition of the region of muscle corresponding to the palpable myofascial trigger points was not defined in any of the studies reviewed. There is potential for error in localization within the volume of muscle underlying the transducer array. In addition, the extent of association of the presence of a US abnormality with the clinically palpable region has yet to be defined. Furthermore, the method of localization requires definition and acceptance among the research and clinical communities, and the studies reviewed provided qualitative information only. In addition, the literature reviewed did not account for the element of time, which is important to consider, since the appearance can theoretically change when comparing acute and chronic phases. Moreover, there may also be changes in the echo texture before the formation of the myofascial trigger points; therefore, further research is necessary to resolve this gap and provide definitive diagnostic criteria by using US.
With regard to quantitative US techniques, morphologic changes within skeletal muscle have been described and reflect a number of neuromuscular diseases. Studies have shown that healthy muscles look dark with sharp bright lines, whereas the structure of muscles with neuromuscular diseases such as muscular dystrophy, 21 myopathy, and motor neuron disorders appear brighter and more diffuse when evaluated by US. [22] [23] [24] In addition, the quantitative analyses of skeletal muscle have evaluated echo intensity as correlated with the presence of intramuscular connective and adipose tissue within neuromuscular disorders. 25 Based on these changes, US has been proposed as part of the workup for neuromuscular diseases, in that it could be used as a screening tool to select patients who may be suitable for muscle biopsy. 25 To our knowledge, this type of quantitative analysis has not been performed for patients who have myofascial neck pain. When this factor is combined with the poor inter-rater reliability of the physical examination, it represents a considerable gap in the current literature and poses a very real problem for the clinician from a diagnostic perspective. As US imaging has become more prevalent within clinics, its application remains primarily qualitative. Currently, US is used to diagnose the presence of structural macroscopic abnormalities such as cysts and other space-occupying lesions. 26 This approach provides important information, but a more detailed and quantitative analysis is needed for the evaluation of myofascial pain syndrome. As such, our study objective was to characterize the upper trapezius by using quantitative techniques in both healthy individuals and those with neck pain.
Materials and Methods

Participant Recruitment and Selection
The study protocol was reviewed and approved by the Local Ethics Review board. The research in this study was conducted in accordance with the Declaration of the World Medical Association of Helsinki. Study participants were recruited according to the following criteria: sex, regional neck pain (according to the patterns set forth by Travell and Simons 27 , a palpable taut band or nodule within the upper fibers of the trapezius as determined by physical examination, and ages from 20 to 65 years. The participants were recruited via advertisements placed on notice boards in the hospital and surrounding community. Through a history and physical examination, participants were excluded if they had clinical evidence of recent direct trauma to the neck region or a history of cervical radiculopathy, severe osteoarthritis of the cervical spine or shoulder, polymyositis, dermatomyositis, other neuromuscular diseases, or chronic pain syndrome. None of the participants had done any physical exercise within the 2 to 3 days before entry into the study. In addition, we did not screen participants for occupations. The evaluations were performed by a specialist in physical medicine and rehabilitation with 23 years of clinical experience in academic practice using a standardized examination as described by Gerwin. 19 Ultrasound and Acquisition Procedure Images were acquired on an Ultrasonix US system (Ultrasonix Medical Corporation, Richmond, British Columbia, Canada) with a linear transducer. The acquisition used a frequency of 5 MHz at a depth of 2.0 cm. The image settings (ie, time-gain compensation, depth, and sector size) were kept consistent for all participants. During the acquisition procedure, each participant was sitting upright in a chair with the arms relaxed at the side with the forearms resting on the thighs. The transducer was placed perpendicular to the skin surface, and its angle was adjusted to obtain the brightest image. The location on the upper trapezius muscle at the midpoint of the muscle belly was standardized across study participants by using the middle point between the C7 spinous process and the acromioclavicular joint. The transducer was carefully placed on the skin with enough gel to entirely coat its surface. The amount of downward force was controlled enough by the assessors to make complete contact but not enough to cause any deformation of the skin or image. These issues were carefully explained to each US operator before commencing the study. Sample images were acquired, and the procedure was scrutinized by an experienced sonographer. At the location of interest, B-mode US images were acquired along the axial and longitudinal alignment with respect to underlying muscle fiber orientation. Two images were acquired along each orientation: one set by an experienced US operator (D.K.) and another set acquired by an inexperienced user (L.G.-R.). Regions of interest were manually selected within normal muscle as determined by visual inspection to provide the best image quality. All images were filtered by a median filter with kernel size of 3 3 3 pixels to remove single-pixel noise. 28 
Baseline Data and Assessment of Exercise Level
The age, sex, presence of a trigger point/taut band, height, and weight were recorded. The body mass index (BMI) was calculated by using the self-reported height and weight of each participant. The Godin Leisure-Time Exercise Questionnaire was completed by the participants to assess their usual leisure-time exercise activities levels. The score on the Godin questionnaire includes questions on weekly frequencies of strenuous, moderate, and light activities, and it is calculated in arbitrary units by summing the products of the separate components [weekly leisure activity score 5 (9 3 strenuous) 1
Neck Disability Index and Visual Pain Scale For the internal control, the Neck Disability Index (NDI) is a perceived rating of disability due to neck pain, and the visual analog scale (VAS) is a standard 10-cm scale rating used to measure pain. Both are standardized and validated. 29, 30 Statistical Image Analysis The overall distribution of all B-mode grayscale US pixel values was tested against the null hypothesis that it did not come from a normal distribution by the Kolmogorov-Smirnov test. The result was highly significant (P < .01); therefore, data analysis continued with the assumption of normality. B-mode echo intensity means were calculated for the ROI from each image. In addition to the mean, the standard deviation, kurtosis, and skewness of the echo intensity were calculated within the ROI in each B-mode grayscale image.
Blob Analysis
The ROI within each image was processed by the procedure described by Nielsen et al. 27 This technique aims at detecting similar spatially connected and echo intensity (and therefore homogeneous) regions, which Nielsen et al 28 call "blobs." This method is based on thresholding. Thresholding involves the conversion of a gray-level image to a binary image through an established threshold value. Therefore, grayscale values below the threshold value will be set to 0, and grayscale values above the threshold values will be set to 1. The resulting binary blob, which is a region consisting of at least 3 pixels (area of 0.05 mm 2 ) with a pixel value equal to 1, is referred to as a blob. 1 Areas with echo intensity that lay within the 95th and the 99th percentile range were identified and marked on the filtered ROI images, thereby creating blobs within the ROI. 28 Therefore, we placed the following limits on our data: Areas with echo intensity that lay within the 95th and the 99th percentile range of healthy control participants (D.K., S.S., L.G.-R., and M.D.N., unpublished data, January 2017) were identified and marked on the filtered ROI images, thereby creating blobs within the ROI. As described by Nielsen et al, 28 the following method was used to calculate the mean blob size:
Where p j is the size of blob number j in the blob image; n is the number of blobs; n i is the number of blobs in the blob image at threshold i; m is the number of thresholds in the range; and s i is the mean blob size at threshold i.
All blobs were enumerated with regard to their number, size, and frequency and correlated with the operator responsible for acquiring the image. Two assessors were responsible for obtaining the US images: D.K. and L.G.-R. D.K. had 3 years of experience, and L.G.-R. did not have any previous experience with US administration. The remaining blobs were counted, and their area was computed. This process has been described in detail (D.K., S.S., L.G.-R., and M.D.N., unpublished data, January 2017). Figures 1-3 show a sample raw B-mode image, the ROI, and threshold filtration. All image processing and data analysis were conducted in MATLAB version 8.4 software (R2014b). 31 In addition, a principal component analysis was conducted to determine the number of components representing the data. 
Results
Patient Characteristics
Fifteen patients with neck pain participated in our study (5 
Imaging Data Statistical Analysis
The overall distribution of US B-mode grayscale echo intensity values was normally distributed according to the Kolmogorov-Smirnov test (P < .0001). The overall B-mode grayscale echo intensity distribution obtained had a mean of 41.9 (SD, 8.3), was slightly leptokurtic (kurtosis of 3.9), and was marginally skewed to the right side (skewness of 0.16). A paired t test of the global mean echo intensity value obtained for each image from our US operators did not show any significant difference (P 5 .77). The inter-rater reliability results demonstrated that the intraclass correlation coefficient was not significantly different between the observers (P 5 .52). A t test was performed, comparing the echo intensity of the group of patients with neck pain and the healthy controls (D.K., S.S., L.G.-R., and M.D.N., unpublished data, January 2017), and the difference was found to be significant (P 5 .052).
The Kolmogorov-Smirnov test showed that the blob count was normally distributed (P 5 .055). The blob area was found not to be normally distributed (P 5 .99). This finding seems to make sense, given the size of the blobs detected compared with the size of the studied ROI. The median blob area was 2.71. The interquartile range for the blob area was 1.72 for the 25th percentile to 4.90 for the 75th percentile.
The correlational analyses are shown in Table 1 and demonstrate that with a lower mean echo intensity, a larger blob and a lower blob count are obtained. Our data suggest that the larger blobs are more likely to have a lower echo intensity (relatively hypoechoic; Figures 4-6 ). There was poor correlation between the blob area or count and the BMI or Godin score. As an internal control, there was a moderate correlation shown between the NDI and VAS (Figure 7) .
The principle component analysis 33 was conducted by using the eignevector blob count, median blob area, eigenvector echo intensity, BMI, and Godin score. The Godin data caused a significant amount of skew to the resulting eigenvectors and was therefore discarded. This finding was in line with the poor correlation of the Godin score with the blob area or count provided above. Of all of these variables, it was the least reliable, since was is solely based on subjective reporting without any ability for the researcher to confirm the study participant's fitness level. Therefore, the principle component analysis was repeated without the Godin score and provided the results shown in Table 2 . It is interesting to note that the BMI did not explain the overall variance to any large degree.
Discussion
Our study has shown that quantitative analysis of B-mode images of the trapezius muscle can separate healthy control individuals from patients with neck pain. In this study, we included a cohort of patients with myofascial pain syndrome and excluded severe osteoarthritis, cervical radiculopathy, and inflammatory muscle disorders. Compared with the healthy controls, the blob analysis showed an increase in area (2.7 versus 0.12 mm 2 , respectively) and a decrease in the number of blobs (0.024 versus 0.13/mm 2 of tissue). Our data also showed that the larger blobs were more likely to have a lower echo intensity and were therefore relatively hypoechoic. Our data therefore suggest that a larger blob that is relatively hypoechoic could be associated with neck pain. This finding is also congruent with the existing literature that indicates visually apparent hypoechoic regions associated with palpable myofascial trigger points. 15, 17 From a clinical perspective, since the physical assessment of a patient with myofascial pain has poor interrater reliability, the quantitative analysis using the blob area and count has objective discriminative ability. Our technique may allow clinicians to separate the patients with neck pain healthy individuals. We propose that combining the physical examination and US information may improve diagnostic accuracy. However, further work is necessary to validate this idea as well as to assess its effectiveness.
It is also interesting to note that the blob area obtained was a close match to 2-point discrimination at the finger tips. The median blob area obtained was 2.7 mm 2 , which translates into a diameter of approximately 1.9 mm. According to a recent study 34 that assessed 2-point discrimination for tactile spatial acuity, by using receptive field mapping of the fingertips by an action potential elicitation of 0.8 mm (95% correct threshold), 2-point discrimination was found. This finding suggests that the clinician can detect a palpable nodule or taut band within the muscle that could correspond in size to the blobs that were found in this study. Further research is recommended to explore the relationship between the blob area and count and clinically detected myofascial trigger points.
The trapezius muscle's function is to elevate the shoulder and to assist in maintaining the posture of the upper extremity. In an obese individual, there may be a higher demand on the trapezius muscle due to a higher arm weight than a nonobese counterpart.
Tomlinson et al 35 explored the relationship between adiposity and muscle architecture in untrained women. Their study demonstrated that there were significant interactions between BMI, age, and sex. Their data support the idea that obesity-related changes in the physiologic cross-sectional area of the gastrocnemius muscle differed between young and old groups. In addition, they showed that muscle adaptation with respect to an increased muscle volume, pennation angle, and higher torque occurred as a result of the increases in body mass due to obesity. For these reasons, further work with the trapezius muscle is necessary to explore similar relationships. It is very likely that the B-mode image characteristics could differ substantially between the various age groups in this study when extreme BMI values (high and low) are present. Eisele et al 36 was the only group that directly correlated histopathologic findings with US images. They described the soft tissue texture of 20 patients with chronic low back pain and magnetic resonance imaging-confirmed disk disorders. However, the authors did not provide further clinical or magnetic resonance imaging characteristics of their study sample; therefore, it is quite possible that there was inhomogeneity. They defined texture analysis as the ratio between the echo intensity of a cross section of the lumbar paraspinal muscle, unilaterally at L2 compared with L1. They compared their results with those of 30 healthy controls. They found that the group with lumbar disk disorders had an L2:L1 ratio of less than 0.5, and the healthy controls had an L2:L1 ratio of greater than 0.60. In addition, percutaneous muscle biopsy of the scanned region was performed. The histopathologic results confirmed that the paraspinal muscle had been modified into a nonhomogeneous structure where the muscle was replaced by adipose and collagen elements, specifically in study participants who had a ratio of less than 0.5. In addition, the authors suggested the following possible contributory factors when assessing echo intensity: lumbar level of the paraspinal muscle, age, fat layer, humidity, and skin thickness. They postulated that the overlying skin thickness or adipose layers had no influence on the skeletal muscle US findings, and the results did not vary on the basis of the US operator. They concluded by suggesting that the ratio would not be able to validate a diagnosis but that it would assist the physician in recognizing a somatic disorder. Given the present-day ethical considerations, it would be impossible to recreate this study, thus being limited to using indirect measures.
Our study showed a poor correlation of the blob area and count with the participants' BMI and Godin score. Also, in our principal component analysis, the BMI and Godin score did not explain a substantial proportion of the variance. This finding suggests that the B-mode image characteristics of patients with neck pain are best explained by the blob count, median blob area, and mean echo intensity, and finally, the contribution of the BMI and Godin score are minimal. This result requires further study. Specifically, in patients with neck pain, it would be important to determine the extent of intramuscular adipose tissue using another imaging modality such as magnetic resonance imaging. Future studies should further investigate the contents of each blob to attempt to elucidate any pathophysiologic characteristics.
There is evidence that age can also affect the characteristics of the B-mode image. Fukumoto . They studied the echo intensity of the biceps brachii, quadriceps femoris, rectus abdominus, external oblique, internal oblique, and transversus abdominus muscles; however, they did not study the trapezius muscle. Each of these muscles had different echo intensities, but there was very little change between the young and middle-aged groups. In parallel, our study consisted of participants who fell within the young and middle-aged groups as defined by Fukumoto et al 37 ; therefore, further research is suggested to examine the effects of age on B-mode US image characteristics.
Differences between sexes should also be considered as influential factors in US image characteristic. However, there have been limited studies investigating these factors. This variance can be attributed to the unique distribution of adipose tissue between the two demographics, and activity levels may also differ. 38, 39 Our study results did not provide a sex difference, but this study was a subgroup analysis, which was not accounted for in the sample size calculation. Therefore, further research is necessary with a larger sample.
Overall, B-mode US image characteristics may be different because of sex, age, BMI, anatomic characteristics of the muscle (eg, pennation angle and extent of noncontractile elements), general fitness level, and extent of training or exercise of the particular muscle. We recommend further research to investigate each of these specific characteristics.
Study Limitations
Our study had a number of limitations. First of all, the BMI and Godin questionnaire provide an estimate only and are correlates of the extent of adipose content of the body and fitness level, respectively. Given the constraints of funding for our study, we were unable to collect more appropriate measures. Although there are many anthropometric measures available to predict body fat, the BMI was found to correlate best with total body fat as determined by bioelectrical impedance. 40 Therefore, other anthropometric measures, such as the waist-to-hip ratio and waist-to-height ratio, were not used. In addition to this effect, the actual adipose deposition within a particular muscle is not known precisely and is not accurately predicted by the BMI. Other contributory factors may include specific use of the muscle: for example, the trapezius of an administrative assistant has different demands than that of a lumberjack or other occupation that requires a heavy physical demand.
Ideally, a histopathologic correlation with US images would provide the most precise information regarding image characteristics and the muscle fiber type, fascicle size and orientation, physiologic crosssectional area, noncontractile tissues, as well as adipose tissue content and deposition distribution. The study by Eisele et al 36 in 1998 is the only one available to date. Present-day ethical concerns would likely not allow reproduction of such a study; therefore, surrogate measures need to be used.
The external validity of our study results is also limited. Our results would not apply to outliers of the BMI or fitness levels (Godin), since research has shown that there can be large differences. 37 The sex-specific adipose tissue distribution may also affect the study results. Our study consisted of relatively few female participants; therefore, a subgroup analysis was not possible. A larger study would be required with an appropriate sample to conduct such an analysis.
Conclusions
This study demonstrated that quantitative analysis of the echo intensity of B-mode US images from patients with neck pain can provide important information. It was shown that the blob areas and counts were significantly different from those of healthy controls. The reliability between observers was acceptable. In our model, a large proportion (98.55%) of the overall variance could be explained by the median blob area, mean blob count, and mean echo intensity. In addition, the size of the blobs discovered by this technique was similar to the size that the clinician could detect clinically by palpation. However, further research is necessary to explore the relationships among sex, age, blob area, count, BMI, regional anatomy, and extent of training or exercise of the particular muscle.
